A double-blind, randomized, controlled, crossover study ABSTRACT Objective: To investigate whether Mucuna pruriens (MP), a levodopa-containing leguminous plant growing in all tropical areas worldwide, may be used as alternative source of levodopa for indigent individuals with Parkinson disease (PD) who cannot afford long-term therapy with marketed levodopa preparations.
Since its introduction in the late 1960s, levodopa has remained the most effective and gold standard therapy for Parkinson disease (PD). 1 However, the access to levodopa in low-income areas is still greatly limited, so that the majority of patients remain either undertreated or untreated, with reduction in quality of life and survival. [2] [3] [4] [5] In rural Africa, it is estimated that only 15% of patients with PD are treated with levodopa. 3 Mucuna pruriens variant utilis (MP) is a leguminous plant growing spontaneously in tropical/subtropical areas worldwide, whose seeds contain high concentrations of levodopa. 6 MP-based therapy may become a potential alternative to marketed levodopa-based medications in these regions, because it is easy to find at local markets and requires a low-cost preparation method without pharmacologic processing. 6 Preclinical and clinical studies suggest that MP powder extract may be used to improve parkinsonism with a favorable safety profile. [7] [8] [9] [10] [11] However, it is unclear whether these encouraging data are due to specific properties of MP itself or the pharmacokinetics of levodopa without any dopa-decarboxylase inhibitor (DDCI) as compared to levodopa plus DDCI. It had been suggested that MP may have an intrinsic DDCI-like activity, 7, 8 or even act through a mechanism that is independent of levodopa. 9 This study aims to investigate whether (1) the efficacy of MP powder is noninferior to levodopa/benserazide, (2) the intake of MP powder at suprathreshold dose is safe, and (3) the effects of MP are similar to those of a pharmaceutical preparation of levodopa alone.
METHODS Standard protocol approvals, registrations, and patient consents. This study was conducted in accordance with good clinical practice and the Declaration of Helsinki. The study protocol was approved by the institutional ethics committee (protocol ID: SBN.SC.013/2015) and written informed consent was obtained from all individuals entering the study. An additional consent was requested for video recording. The study is registered at ClinicalTrials.gov, identifier NCT02680977.
Study design. This is a noninferiority, double-blind, randomized, controlled, crossover, phase 2b study addressing the efficacy and safety of acute intake of MP at 2 doses compared to levodopa plus DDCI.
Participants and eligibility criteria. Patients with idiopathic PD according to UK Brain Bank criteria 12 were recruited in Santa Cruz (Bolivia) by a local neurologist (J.L.) trained in the administration of the instruments used. Eligibility included sustained response to levodopa and presence of motor fluctuations for at least 1 h/d during waking hours associated with dyskinesias (peak dose or diphasic). Patients were on stable antiparkinsonian therapy for at least 30 days before recruitment. Exclusion criteria were (1) signs of cognitive impairment (according to DSM-IV-TR criteria or Mini-Mental State Examination [MMSE] ,26) limiting the ability to provide written informed consent; (2) clinically significant psychiatric illness; (3) Hoehn & Yahr stage 5/5; (4) severe unstable medical conditions; and (5) pregnancy.
Interventions. The investigational treatment was MP powder prepared directly from roasted seeds, with neither any pharmaceutical processing nor additional compounds (e.g., additives), as described previously. 6 This low-cost method had been suggested by the Bolivian neurologist coauthoring this article (J.L.), who has a longstanding experience in the use of MP powder in indigent individuals with PD. Briefly, we roasted MP seeds in a pan for 15 minutes; we then peeled off the teguments and ground the seeds in a small grinder; we finally passed the ground seeds through a sieve to obtain the powder, which we added to water. We measured the content in levodopa of the Bolivian black ecotype (used in the present study) and found it to be 5.7%, with neither harmful antinutrients nor compounds with DDCI-like activity (such as genistein or its precursor genistin, whose presence in MP had been postulated 11 ). 6 Following the screening visit, patients were scheduled to attend the clinic 6 times to receive each of the following treatments: (1) marketed levodopa/benserazide (LD1DDCI, 100 mg/25 mg dispersible tablets; considered as the reference treatment) at 3.5 mg/kg; (2) high-dose MP powder (MP-Hd; levodopa at 17.5 mg/kg); (3) low-dose MP powder (MP-Ld; levodopa at 12.5 mg/kg); (4) pharmaceutical preparation of levodopa alone without DDCI (LD2DDCI; 17.5 mg/kg) manufactured at a public pharmacy experienced in galenic preparations located in Milan, Italy; (5) MP powder plus benserazide (MP1DDCI; levodopa at 3.5 mg/kg); (6) placebo (see below). Levodopa:benserazide ratio was 4:1.
As we aimed to obtain safety data on acute MP intake, we set the reference levodopa dose at the maximum suprathreshold dose we considered tolerable (i.e., LD1DDCI at 3.5 mg/kg). The selection of the levodopa dose ratio of 3.5:1 and 5:1 (MP-Ld and MP-Hd, respectively) was based on previous clinical studies comparing levodopa alone vs combined with DDCIs that demonstrated a 60% to 80% reduction in levodopa dose with DDCIs. [13] [14] [15] [16] [17] [18] [19] The choice of the 3.5:1 ratio was additionally supported by our previous study exploring the pharmacokinetics of MP. 6 We investigated the relationship between MP and the presence vs absence of a DDCI by including both levodopa without DDCI and MP plus DDCI.
Randomization and masking. All participants received the 6 treatments in the morning for 6 consecutive days. Allocation to the intervention groups was performed according to a computer-generated randomization list (table e-1 at Neurology.org) and concealment was attained by using sealed envelopes. All participants and the outcome assessor (R.C.) were blind to treatment allocation. All treatments were dissolved in 100 mL of water. To obtain similar flavor, smell, and color to MP powder, we prepared placebo and active non-MP treatments by adding 5 g of ground nuts and 1 g of soluble coffee (figure e-1). This choice was based on patients' report on MP flavor and corroborated by the investigators who personally tasted MP powder (R.C., J.L., G.P.). Before the trial, the concoctions were tried in some patients who were on stable MP therapy to see whether they could distinguish between the various treatments, and they could not tell what was MP and what was not.
Assessments. Clinical workup included (1) rating of motor symptoms by means of the Unified Parkinson's Disease Rating Scale (UPDRS) part III 20 and (2) the Abnormal Involuntary Movements Scale (AIMS). 21 UPDRS parts I, II, IV, and the Hoehn & Yahr stage were recorded at the baseline visit. Dopamine agonists, MAO-B/COMT inhibitors, anticholinergics, and amantadine were stopped 7 days before the first day of the study (aiming to minimize differences vs low-income countries, where antiparkinsonian medications besides levodopa are rarely available). [2] [3] [4] All patients were assessed in the morning, in the medication-off state after overnight withdrawal of levodopa ($12 hours) and fasting. Patients were observed every 5 minutes after treatment intake to establish when they switched to the clinical on state; thereafter, they were requested to stay at the clinic until they switched back to the off state (UPDRS-III score $80% of the baseline off state). Then, patients were allowed to take their home therapy as scheduled with levodopa/carbidopa until 8 PM.
Motor response (UPDRS-III) and dyskinesias (AIMS) were assessed 90 and 180 minutes after treatment intake by a neurologist experienced in movement disorders (R.C.). Patients were videotaped in the off state, 90 and 180 minutes after treatment intake.
Outcome measures. Efficacy. The primary efficacy outcome measure was the noninferiority of MP as compared to levodopa/benserazide in terms of the percentage of change in UPDRS-III from the baseline off state 90 and 180 minutes after treatment intake. Secondary efficacy outcome measures included the latency to on (defined as the period between treatment intake and the on state) and the duration of on state (defined as the period from the on state to the subsequent off state).
Safety. Safety was assessed over 180 minutes after study medication intake. Assessments included (1) frequency, type, and duration of any adverse event (AE) recorded, (2) changes in blood pressure and heart rate (cardiovascular endpoints), and (3) the severity of dyskinesias.
Statistical analysis. Considering the randomized crossover study design and the noninferiority of MP-Hd compared to LD1DDCI as the primary objective of the trial, we calculated that at least 18 patients should be included to reject the null hypothesis (a error, 5%; b error, 20%) of a difference higher than 15% in the percentage of change (SD, 18%) in UPDRS-III from the baseline off to 90 minutes postdose on state.
Data were analyzed blinded to treatment using the software program SPSS (Windows release 17.0; SPSS Inc., Chicago, IL). A 2-sided p value of ,0.05 was set as significant. Descriptive statistics were provided for continuous (mean and SD or median and interquartile range [25th-75th percentile]) and categorical (count and percentage) variables. Paired 2-group comparisons were performed using the McNemar test (categorical variables) and Student t test or Wilcoxon signed-rank test (continuous variables), as appropriate. Primary analysis was focused on the comparisons between single interventions and the reference treatment (levodopa/benserazide). Other paired between-group comparisons were also considered.
RESULTS Eighteen patients (13 male, 5 female) with advanced PD were included in the study, all of whom had motor fluctuations and dyskinesias (table 1). Mean disease duration was 10 years and the mean duration of on time after the single dose of levodopa/carbidopa at home was approximately 160 minutes. Eight patients had been on stable MP therapy for a median period of 3.5 years.
Efficacy. MP-Hd and MP-Ld were noninferior to LD1DDCI in all primary and secondary efficacy outcome measures. Results are shown in figure 1 and presented in detail in table e-2. A paradigmatic case is shown in the video.
Intake of MP-Ld and MP1DDCI provided similar motor responses to LD1DDCI, while MP-Hd induced a greater improvement in motor symptoms at 90 and 180 minutes (p 5 0.037 and p 5 0.002, respectively). In comparison to motor performance at 90 minutes, UPDRS-III scores at 180 minutes were reduced (i.e., motor performance improved) on average by 32% after LD1DDCI, by 16% after MP-Ld, and by 50% after MP1DDCI. Intake of the same
Mean latency to on with MP-Hd was significantly shorter than with LD1DDCI (p 5 0.008), whereas it was similar to LD1DDCI with LD2DDCI, MPLd, and MP1DDCI.
Mean duration of the on state was 25% longer with MP-Hd than with LD1DDCI (221 vs 177 minutes, p , 0.001), while it was similar with MP-Ld and LD1DDCI. The comparison of MP and similar doses of pharmaceutical preparations of levodopa with and without DDCI (MP1DDCI vs LD1DDCI and MP-Hd vs LD2DDCI, respectively) showed 20% shorter on duration with MP (p , 0.05 for both).
Safety. Dyskinesias at 90 minutes were fewer with MP-Hd and LD2DDCI than with LD1DDCI. We did not find any differences among LD1DDCI, MP-Ld, and MP1DDCI (table e-2).
No major AEs occurred and no patients dropped out of the study protocol. When compared to LD1DDCI, the number of AEs was significantly lower with MP-Ld, and we found a trend towards reduced AEs with MP-Hd (table 2) . AEs most commonly occurred within 30-45 minutes after treatment administration and lasted ,15 minutes, except for 4 patients, who reported AEs lasting .90 minutes after LD2DDCI. Despite similar levodopa dose, LD2DDCI was associated with more frequent AEs than MP-Hd, and it was the only treatment associated with prolonged AEs. There was no difference among the active treatments in terms of change in blood pressure and heart rate between off and on state (table e-3). Placebo intake was different from all the other arms, as it did not induce any change from baseline.
Pharmacokinetics. We additionally explored the relationship between motor response to treatments and levodopa pharmacokinetics in 4 Italian patients with PD (this analysis was not feasible in Bolivia due to the lack of adequate laboratory facilities and technical experience). Details are provided as supplementary material.
Levodopa plasma concentration and clinical response to MP, LD1DDCI, and LD2DDCI are presented as e-Results, table e-4, and figure e-2.
DISCUSSION This study demonstrates that the acute intake of MP powder at both high and low dose is noninferior to dispersible levodopa/benserazide in terms of all efficacy and safety outcome measures.
Both low-dose and high-dose MP were superior to placebo. Low-dose MP was associated with a motor response that was equivalent to the response to levodopa/benserazide, while high-dose MP induced a qualitatively better motor response than LD1DDCI along with longer duration of the on state by about 45 minutes and fewer dyskinesias. The latency to on was shorter with high-dose MP than with LD1DDCI (as also reflected by the shorter average t max values obtained in the independent sample). This is likely to reflect a shorter latency with MP rather than a delayed one with LD1DDCI, as our results related to the mean latency to on with levodopa/benserazide are consistent with previous reports. 22 Taken as a whole, efficacy data with MP powder from roasted seeds are in line with previous preclinical/clinical studies with MP extract (using pharmacologic processing), all consistently reporting a shorter latency to on 7 and longer on duration with reduced dyskinesias as compared to LD1DDCI. [7] [8] [9] On the one hand, the longer duration of motor response may depend upon the higher levodopa dose administered; on the other, the significantly shorter latency to on suggests that MP is unlikely to act as an extended-release levodopa preparation. Are these encouraging clinical effects of MP related to some intrinsic properties that are independent of levodopa 9 or merely due to the intake of levodopa alone? The latter hypothesis is the most probable, as the clinical response to LD2DDCI overlapped with the effects of high-dose MP in terms of prolonged on state with reduced dyskinesias as compared to LD1DDCI. The present findings on MP closely remind us of the clinical trials that followed the development of the first peripheral DDCI in 1967, 19 demonstrating that the use of levodopa either alone or combined with DDCIs resulted in an overall similar efficacy on Disease duration, y 9.8 (3.0)
Disease duration at initiation of levodopa therapy, y motor symptoms. 13, [16] [17] [18] [19] Interestingly, the adjunct of DDCIs was reported to yield earlier and more severe dyskinesias despite the 60%-80% reduction in levodopa dose. [14] [15] [16] [17] [18] [19] [23] [24] [25] [26] These observations may contribute to explain the lower rates of dyskinesias we found with levodopa alone (MP-Hd and LD2DDCI) than with combined levodopa plus DDCI (LD1DDCI and MP1DDCI), despite the higher levodopa dose. In this scenario, the history of levodopa therapy before the introduction of DDCIs 19 may teach us how to use MP-based therapy to lead low-income countries out of their current prelevodopa era. [2] [3] [4] The safety profile of acute intake of MP powder was more favorable than the safety profiles of LD1DDCI and LD2DDCI. First, both low-dose and high-dose MP was associated with fewer AEs than LD1DDCI. Our findings are in line with previous studies showing that, despite the reduction in daily levodopa dose, the addition of DDCIs had either no effect or even led to worsening of hypotension, psychiatric disturbances, and dyskinesias to a greater extent than levodopa alone. 16, 25, [27] [28] [29] [30] We found no differences among the active arms in terms of the cardiovascular profile, with an approximate Table 2 Frequency and type of adverse events 20-25 mm Hg drop and 10-15 mm Hg drop in systolic and diastolic values, respectively (highest drops with LD1DDCI, albeit not significant). Previous trials on levodopa alone showed that a drop by 15-20 mm Hg was common and that it was usually asymptomatic and transient. 16, 28 Second, high-dose MP induced significantly less AEs than a similar dose of pharmaceutical preparation of levodopa alone. Furthermore, prolonged AEs lasting longer than 90 minutes were recorded only after LD2DDCI intake, while the few AEs induced by MP were mild and transient. These data support the hypothesis of an intrinsically more favorable safety profile of MP powder than pharmaceutical preparations of levodopa, regardless of the presence/absence of DDCIs.
The present cohort does not entirely represent the target population in low-income areas, because these patients had access to standard levodopa/carbidopa therapy. Although the DDCI plasma half-life is 3 hours, we cannot exclude a residual DDCI effect after the last intake of LD1DDCI, which usually occurred 12 to 14 hours before the challenge (corresponding to 4-4.5 half-lives). 7, 31 If such effect was present, the intake of high-dose levodopa alone (MP-Hd and LD2DDCI) would have greatly increased the severity of dyskinesias. However, we found the opposite response, making a residual DDCI effect unlikely to have biased the present data. Furthermore, we included only patients with motor fluctuations and dyskinesias in order to provide a clear characterization of efficacy and safety endpoints. Multicenter studies on de novo patients with PD followed for long periods 29 are needed to obtain practice guidelines for MP monotherapy.
What is the main issue that we expect with the intake of MP powder in the long term? The answer is tolerability. The safety of chronic intake of levodopa alone at high daily dosage (up to 16 g/d) was investigated for over a decade in more than 2,000 humans. 1, 16, 26 The most common dose-limiting AEs of levodopa alone were gastrointestinal disturbances, which were usually transient 15, 17 and whose frequency and intensity were minimized by very slow titration schemes. 1, 26, 29 Considering that an a priori estimate of levodopa content in individual MP samples will rarely be feasible in low-income areas, any MP-based therapy will inevitably require very slow titration schemes. These schemes are to be defined taking the range of levodopa concentrations into consideration (from 4% to 6% in the majority of samples 6, 11 ), along with PD duration and body weight. Considering the major problems of availability/affordability of levodopa in low-income countries, [2] [3] [4] it is conceivable that the benefits of MP-based therapy will overcome such issues in the long term, at least in those who would otherwise remain untreated. The patients who remain undertreated because of discontinuous access to marketed levodopa preparations may benefit from a combination of low-dose LD1DDCI and MP to spare such supplies (as is currently the case in Santa Cruz, Bolivia).
MP was noninferior to levodopa/benserazide in terms of all efficacy and safety outcome measures. The clinical response to MP was similar to the effects of a pharmaceutical preparation of levodopa alone at similar doses, with less AEs. MP could be a sustainable alternative to marketed levodopa for indigent individuals with PD in low-income countries, provided that it is tolerated in the long term.
